The composition of the yeast-cell wall is known to be approximately glucan 29 %, mannan 31 %, protein 13 %, lipid 8-5 % and ash 3 % (Northcote & 
glass beads (Chance Bros. Ltd., Birmingham). Breakage was continued for 15 min. in an International refrigerated centrifuge at 1400 rev./min. at 4°. The walls were separated from any unbroken cells and cell contents by differential centrifuging according to Northcote & Home (1952) . The yield of freeze-dried walls was 1 g. from 100 g. of pressed yeast.
Analytical procedures pH measurements. These were made with a Pye pH meter and a glass electrode at room temperature and by standardizing the apparatus with standard buffer tablets, pH values 4-01 and 6-99 (Burroughs Weilcome and Co.).
Boundary electrophoresis. The samples were examined as approximately 1-5% solutions in 0 05M-sodium borate buffer, pH 9-2, 01m-K2HPO4, pH 9-3, or 0 05M-sodium borate-8M-urea, pH 9-2. The Perkin-Elmer model 38 Tiselius electrophoresis apparatus was used.
Diffusion measurements. These measurements were made over a period of 3 days on 0.6 % solutions in 0 1 m-KH2PO4, pH 4-7. The Tiselius electrophoresis apparatus was used.
Sedimentation measurements. The samples were dissolved in 0 1M-KH2PO4 (0-05-2X5 %) and sedimented at 2X69 x 105g for 2X5 hr. in the Spinco Analytical ultracentrifuge model E (Specialized Instruments Co., Belmont, Calif., U.S.A.).
Pictures were taken every 16 min.
Total nitrogen and phosphorus. The micro-Kjeldahl digestion method of Chibnall, Rees & Williams (1943) was used, followed by distillation and titration. Phosphorus was determined according to the method of Fiske & Subbarow (1925) . Neutral sugars. Samples were hydrolysed in 2N-H2SO4 and the sugars were identified chromatographically (Northcote, Goulding & Home, 1958 Amino acids. Free amino acids were not present before acid hydrolysis. The samples (0.5-3.0 mg.) were hydrolysed in 6N-HC1 (0.5 ml.) for 16 hr. at 1050 and evaporated to dryness under reduced pressure in a desiccator containing H2SO4 and NaOH. The residue was redissolved in a small volume of water and applied as a spot to Whatman no. 52 filter paper. The amino acids were separated by electrophoresis in 2*5 % formic acid (pH 2.1) in a field strength of approx. 130v/cm. for 25 min. The paper was then dried and developed chromatographically in a direction at right angles to the electric field with butanol-acetic acid-water (3:1:1, by vol.). The amino acids were detected by spraying with 0.2% ninhydrin in 96% ethanol. On separate papers, histidine was detected by the Pauly reagent and arginine by the Sakaguchi reagent (Jepson & Smith, 1953) . Cysteine was detected as cysteic acid after oxidation of the samples with performic acid (Sanger, 1949) . Tryptophan was determined in the unhydrolysed samples by procedure B of Spies & Chambers (1948) .
Amino sugar. Glucosamine was detected as a ninhydrincoloured spot on the papers used for analysis of the amino acids. Its position relative to the amino acids is shown on Fig. 1 . It had an electrophoretic mobility corresponding to alanine and moved chromatographically similarly to glycine. This spot also reduced alkaline silver nitrate (Trevelyan, Procter & Harrison, 1950) and gave a positive reaction with the Elson-Morgan reagent (Partridge, 1948) . The hexosamine was further identified as glucosamine after separation electrophoretically by chromatography in pyridine-ethyl acetate-water (1:2:2, by vol.) when glucosamine only was detected and after oxidation by ninhydrin (Stoffyn & Jeanloz, 1954) when only arabinose was detected. In addition, the compound was found to have the same mobility as glucosamine upon electrophoresis in pyridine-acetic acid-water buffer, pH 3*5 (1:10:89, by vol.), and pH 6-5 (10:0.3:90, by vol.) The glucosamine was quantitatively determined after hydrolysis of the samples in 4N-HCI for 12 hr. at 100' by the Elson-Morgan reaction (Blix, 1948) , with both glucosamine and chitin as standards. The chromogen formed had the correct spectrum for glucosamine and no colour developed in the absence of acetylacetone. No free glucosamine was present in any of the samples before acid hydrolysis.
N-Terminal amino acid. The samples (50-200 mg.) were dissolved in 8M-urea containing 1% of NaHCO3, treated with fluorodinitrobenzene, and the dinitrophenyl (DNP)-amino acids were determined according to FraenkelConrat, Harris & Levy (1955) .
RESULTS

Fractionation of the cell walls
The cell walls were extracted with anhydrous ethylenediamine at 370 (Fig. 2) . The mixture was shaken at intervals of 30 min. to resuspend the walls, which after ,a period of 6 hr. became gelatinous and settled very slowly. During the remainder of the extraction time the mixture was shaken only, about three or four times a day and after 3 days it was divided into three fractions as indicated in Fig. 2 Cell-wallfraction A. This material gave a positive reaction for protein (Lowry, Rosebrough, Farr & Randall, 1951) and contained the following amino acids: aspartic acid, glutamic acid, threonine, serine, glycine, alanine, valine, leucine or isoleucine or both, proline, phenylalanine, tyrosine, tryptophan, cysteine, lysine and histidine. The only DNPamino acids detectable were alanine and glycine (approx. 0 1 ,umole of each/40 mg.).
The sedimentation diagram of fraction A shows two components, the relative amounts of which depended upon the time of treatment (24 or 72 hr.) of the cell walls with ethylenediamine (Fig. 3a, b) . After extraction for 3 days the faster-moving component is considerably reduced in amount (Fig. 3 b) . All the data reported refer to the material prepared by extraction for 3 days. The sedimentation and diffusion constants are shown in Table 2 . The molecular weight calculated for the slower (major) component is probably lower than its true molecular weight because of the heterogeneity of the material.
When fraction A was subjected to electrophoresis in borate buffer only one peak was observed with a slight asymmetry in the trailing edge (Fig. 4,  Table 2 ). Essentially the same picture was obtained in borate-urea buffer. On electrophoresis in phosphate buffer a much smaller mobility was found ( Cell-wallfraction C. Microscopically this fraction resembled the original form of the cell wall but was greatly swollen. When sectioned and examined with the electron microscope (Northcote et al. 1958) two distinct membranes were no longer discernible.
Mannan
This polysaccharide ([oc]7 88 5°in water (1, 2; c, 1.1) was prepared from whole yeast by the method of Haworth, Heath & Peat (1941) . It gave no colour with iodine. It had a partial specific volume (v) of 0-65. Although it gave a negative test for protein (Lowry et al. 1951) it was found to contain the same amino acids as cell-wall fraction A, and again DNP-alanine and -glycine were detected (approx. 0.1 ,umole/500 mg.). The electrophoresis diagram of mannan in borate buffer showed only one symmetrical peak (Northcote, 1954) . In phosphate buffer again only one peak was observed but it had a much smaller mobility ( Table 2 ). The leading edge of the peak diffused rapidly. This is characteristic of polysaccharides when a buffer not containing borate is used (Northcote, 1954) . The sedimentation diagram showed one symmetrical peak (Fig. 3 c) . Other chemical and physical characteristics of this material are shown in Fig. 5 and Tables 1 and 2 . Glucan This insoluble polysaccharide was prepared from whole yeast by the method of Bell & Northcote (1950) . The chemical characteristics of this material are shown in Table 1 . It gave a negative test for protein (Lowry et al. 1951 ) but contained all the amino acids found in the other materials, except that tyrosine, phenylalanine and proline were not detected.
Test8 for chitin Glucan (200 mg.) was boiled with 2 % HCI for 1 hr. and then with 3 % NaOH for 15 min. This -treatment dissolved 80 % of the glucosamine originally present in the polysaccharide. The residue was heated at 1600 for 15 min. in 60 % KOH to prepare chitosan (Roelofsen & Hoette, 1951) , but the small residue which remained did not stain with iodine.
Cell-wall fraction C (200 mg.) was also treated in the manner described above, when 85% of the glucosamine originally present dissolved in the dilute acid and alkali. There was no residue left after treatment with 60 % KOH.
Chitin (100 mg.) prepared from crab shells (Purchase & Braun, 1946) was extracted for 3 days at 370 with ethylenediamine (150 ml.). No glucosamine could be detected in the solution and chitin was recovered quantitatively. The chitin (10 mg.) was then treated with dilute acid and alkali in the manner described above. The insoluble residue was found to contain 90 % of the glucosamine of the chitin. DISCUSSION
Of the total glucosamine in the cell wall, fraction A contains 36 %, fraction B, 6 % and fraction C, 58%. Fraction A is soluble in both ethylenediamine and water and fraction B is soluble in ethylenediamine. As chitin is insoluble in both these solvents, the glusamine in fractions A and B cannot be present in the form of chitin. When fraction C is treated with dilute acid and alkali, 85 % of the glucosamine is dissolved and therefore a maximum of 15% of this fraction (9 % of the total glucosamine of the cell wall) has the solubility properties of chitin. Similarly, the presence of glucosamine in the soluble mannan and the solubility characteristics of most of the glucosamine in the glucan again indicate that only a small percentage of the total glucosamine in the yeast-cell wall could be chitin. This residual insoluble material could possibly account for the chitin detected by the X-ray-diffraction studies of Houwink & Kreger (1953) . The presence of bound glucosamine in the glucan and mannan which have been prepared by standard procedures raises the question whether the amino sugar occurs in these materials as a separate polysaccharide or as part of the glycosidic chains of the glucan and mannan. In either case it must be considered in chemical structural studies of these compounds and this is especially important with glucan, in which the content of glucosamine is as high as 6%.
The 16 amino acids found in fraction A are present in peptide form and as only two Nterminal amino acids are found it is probable that the protein portion of the molecule is a specific compound. The low recoveries of DNP-amino acids were probably due to unavoidable losses in the acid hydrolysis because of the large amounts of carbohydrate, and do not indicate the true molecular weight of the protein.
The electrophoretic mobility of fraction A in borate buffer is of the same order of magnitude as that found for mannan and must therefore be due to the formation of a complex of the carbohydrate portion with the borate ions. However, the mobility is lower than that of mannan, as would be expected if the protein* and polysaccharide are firmly bound. Electrophoresis in the presence of 8 M-urea and in phosphate buffer showed no evidence for a separate protein peak.
Fraction A would seem to represent a mannanprotein complex similar to those described by Falcone & Nickerson (1956) and Eddy (1958 It is noteworthy that all the fractions, including mannan and glucan, contain glucosamine. This sugar might serve as the connecting link between the protein and polysaccharide components of the complexes. SUMMARY
1. The isolated yeast-cell wall has been separated into three fractions: fraction A, soluble in ethylenediamine and water; fraction B, soluble in ethylenediamine and insoluble in water; fraction C, insoluble in both ethylenediamine and water.
2. The physical and chemical characteristics of these fractions have been determined, from which it is concluded that fraction A is a mannan-protein complex and fraction B may possibly be a glucanmannan-protein complex. All three fractions contain glucosamine, and it is suggested that this amino sugar might provide the link between the protein and carbohydrate.
3. It is estimated that no more than approximately 9 % of the total glucosamine of the cell wall could be p'resent as chitin. 4. The molecular weight of yeast mannan was found to be 5-9 x 104. It contained 1-4 % of glucosamine and 1-5 % of protein.
5. Yeast glucan was found to contain 6-0 % of glucosanine and 0-8 % of protein.
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